I provide a framework for understanding debt deleveraging in a group of financially integrated countries. During an episode of international deleveraging world consumption demand is depressed and the world interest rate is low, reflecting a high propensity to save. If exchange rates are allowed to float, deleveraging countries can depreciate their nominal exchange rate to increase production and mitigate the fall in consumption associated with debt reduction. The key insight of the paper is that in a monetary union this channel of adjustment is shut off, and therefore the falls in consumption demand and in the world interest rate are amplified. Hence, monetary unions are especially prone to hit the zero lower bound on the nominal interest rate and enter a liquidity trap during deleveraging. In a liquidity trap deleveraging gives rise to a union-wide recession, which is particularly severe in high-debt countries. The model suggests several policy interventions that mitigate the negative impact of deleveraging on output in monetary unions. JEL Classification Numbers: E31, E44, E52, F32, F34, F41, G01, G15.
Introduction
Episodes of global debt deleveraging are rare, but when they occur they come with deep recessions and destabilize the international monetary system. In the Great Depression of the 1930s the world entered a period of global debt reduction and experienced the most severe recession in modern history. The cornerstone of the international monetary system, the Gold Standard, came under stress and was abandoned in 1936, when the remaining countries belonging to the Gold Block gave up their exchange rate pegs against gold. Almost 80 years later, history seems to be repeating itself. Following the 2007-2008 turmoil in financial markets several advanced economies started a process of private debt deleveraging accompanied by a deep economic downturn, the Great Recession. Once again, the status quo in the international monetary system is challenged, and this time the survival of the Eurozone is called into question. These events might suggest that fixed exchange arrangements, such as monetary unions, are hard to maintain during times of global debt deleveraging, but more research is needed to understand exactly why this chain of events is set in motion during deleveraging episodes.
My objective in this paper is to develop a framework for the study of the implications of debt deleveraging in a group of financially integrated countries. During an episode of international deleveraging world demand for consumption is depressed and the world interest rate is low, reflecting a high propensity to save. If exchange rates are allowed to float, deleveraging countries can rely on a depreciation to increase production and mitigate the fall in consumption associated with debt reduction. The key insight of the paper is that in a monetary union this channel of adjustment is shut off, because high-debt countries cannot depreciate against the other countries in the monetary union, and therefore the falls in the demand for consumption and in the interest rate are amplified. Hence, during an episode of deleveraging monetary unions are especially prone to hit the zero lower bound on the nominal interest rate and enter a liquidity trap. In a liquidity trap standard monetary policy tools are ineffective and deleveraging gives rise to a deflationary recession. This effect contributes to explain why episodes of debt deleveraging are particularly painful for monetary unions.
The model features a continuum of small open economies trading with each other. Each economy is inhabited by households which borrow and lend to smooth the impact of temporary, country-specific, productivity shocks on consumption, in the spirit of the Bewley (1977) closed economy model. Foreign borrowing and lending arise endogenously as households use the international credit market to insure against country-specific productivity shocks.
Each household is subject to an exogenous borrowing limit. I study an episode of deleveraging triggered by a tightening of the borrowing limit, which I call a deleveraging shock. To In both versions of the model, the process of debt reduction generates a fall in the world interest rate, which overshoots its long run value. This is due to two different effects. On the one hand, the countries starting with a relatively high stock of debt are forced to reduce it by the tightening of the borrowing limit. On the other hand, the countries starting with a low stock of debt, as well as those starting with a positive stock of foreign assets, want to increase precautionary savings as a buffer against the risk of hitting the borrowing limit in the future.
Both effects lower consumption demand and generate a rise in the propensity to save. As a result, the world interest rate must fall to guarantee that the rest of the world absorbs the forced savings of high-debt borrowing-constrained economies.
In a world without nominal rigidities the deleveraging process also entails a rise in production in high-debt economies. Households can repay their debts not only by cutting consumption, but also by working more to increase their labor income. Thus, households living in high-debt countries increase their labor supply in response to the deleveraging shock. If wages are flexible, this generates a drop in real wages and a rise in employment and output in high-debt countries.
A large body of evidence, reviewed below, suggests that nominal wages adjust slowly to shocks. In particular nominal wages do not fall much during deep recessions, in spite of sharp rises in unemployment. With nominal wage rigidities I show that nominal exchange rate flexibility can substitute for nominal wage flexibility. But in a monetary union exchange rates between members are fixed and the adjustment in real wages cannot be achieved through movements in the nominal exchange rate. I focus on this case in the main part of the paper.
The combination of nominal wage rigidities and fixed exchange rates prevents any increase in employment and production in high-debt economies in response to the deleveraging shock.
Households living in the high-debt countries of the monetary union have to reduce their debt solely by decreasing consumption. The deep fall in consumption demand coming from highdebt countries amplifies the increase in the propensity to save and the fall in the world interest rate during deleveraging. Because of this effect, the chances that an episode of deleveraging gives rise to a liquidity trap are particularly high for monetary unions.
When the central bank of the monetary union is constrained by the zero lower bound on the nominal interest rate, deleveraging gives rise to a deflationary union-wide recession. Because the interest rate cannot fall enough to guarantee market clearing, firms decrease prices in order to eliminate excess supply. Given the sticky nominal wages, the fall in prices translates into a rise in real wages that reduces employment and production. Moreover, if debt is denominated in nominal terms deflation causes a redistribution of wealth from debtor to creditor countries that further reduces consumption demand and production.
1 The recession hits high-debt countries particularly hard, but the economic downturn also spreads to the countries that are not financially constrained, because the common interest rate and trade linkages tie all the countries of the union together.
Finally, I discuss policy interventions that mitigate the recession during deleveraging in monetary unions. First, I show that if the central bank of the monetary union has a higher inflation target the fall in output during deleveraging is smaller. When the nominal interest rate hits the zero bound the real interest rate is equal to the inverse of expected inflation, and so a higher inflation target implies a lower real interest rate, which stimulates consumption demand and production. Second, I consider a policy that slows down the tightening of the borrowing constraint, giving more time to agents to adjust to the new credit conditions. This policy dampens the rise in the propensity to save during the early phases of the deleveraging episode, stimulating consumption and limiting the drop in output.
This paper is related to several strands of the literature. First, the paper is about liquidity traps. Early works studying liquidity traps in micro-founded models, such as Krugman (1998), Eggertsson and Woodford (2003) and Svensson (2003) , were motivated by the weak economic performance of Japan during the 1990s, occurring in the context of low inflation and nominal interest rates stuck at zero. The precipitous fall in policy rates experienced by advanced economies during the current crisis has renewed the interest in liquidity traps.
2 While traditionally the literature has relied on preference shocks to generate liquidity traps, recently a few contributions have drawn the connection between deleveraging and drops in the interest rate. Guerrieri and Lorenzoni (2011) and Eggertsson and Krugman (2012) A key feature of the model I propose is the presence of nominal wage rigidities. There is extensive evidence in support of the existence of nominal wage rigidities, both at the macro and at the micro level. From a macro perspective, there is evidence that wage contracts are set on average once a year in OECD countries. This observation has been used by Olivei and Tenreyro (2007, 2010) to show empirically that nominal wage rigidities play a key role in transmitting monetary policy shocks to the real economy.
3 There is also evidence suggesting that nominal wages adjust slowly to changes in prices and unemployment during deep recessions. In their empirical studies, Eichengreen and Sachs (1985) and Bernanke and Carey (1996) find that nominal wage rigidities contributed substantially to the fall in output during the Great Depression, in particular among countries belonging to the Gold Block. (1977) , Deaton (1991) , Huggett (1993) , Aiyagari (1994) and Carroll (1997) , who consider closed economies in which consumers borrow and lend to self-insure against idiosyncratic income shocks. 6 Guerrieri and Lorenzoni (2011) use a Bewley model to study the impact of deleveraging on the interest rate in a closed economy. My paper shares with their work the focus on precautionary savings. Starting from Clarida (1990) , some authors have used multi-country models with idiosyncratic shocks and incomplete markets to study international capital flows.
Examples are Castro (2005) , Bai and Zhang (2010) and Chang et al. (2009) . This is the first paper that employs a multi-country Bewley model to study the interactions between deleveraging, the exchange rate regime and liquidity traps.
3 A similar conclusion is reached by Christiano et al. (2005) using an estimated medium scale DSGE model of the US economy.
4 The importance of nominal wage rigidities in the US during the Great Depression is discussed in more detail in Bordo et al. (2000) .
5 In addition, several authors, including Shimer (2010) , Hall (2011) and Midrigan and Philippon (2011) , have emphasized the key role of real wage rigidities in rationalizing the 2008-2009 recession following the turmoil in financial markets. More broadly, Michaillat (2012) shows that real wage rigidities are important in explaining unemployment during recessions in the US. In this paper real wage rigidities arise from the combination of nominal wage rigidities and fixed exchange rates.
6 There is also a literature relating precautionary savings and the business cycle. The classic contribution is Krusell and Smith (1998) , while recent works are Guerrieri and Lorenzoni (2012) and Challe and Ragot (2012) . Rather than focusing on business cycles, this paper considers the response of precautionary savings to a large financial shock.
The current events in the Eurozone have revived the literature on the macroeconomic management of monetary unions. Recent contributions build on the multi-country framework developed by Gali and Monacelli (2008 From an empirical perspective, this paper is linked to the work of Lane and Milesi-Ferretti (2012) , who look at the adjustment in the current account balances during the Great Recession.
They find that the compression in the current account deficits was larger for those countries that were relying more heavily on external financing before the crisis. Moreover, they find that most of the adjustment passed through a compression in domestic demand, contributing to the severity of the crisis in deficit countries. My model rationalizes these facts.
8
This paper also speaks to the empirical findings of Mian et al. (2011) and Mian and Sufi (2012) . These authors find that the fall in consumption and employment in the US during the 2008-2009 recession was stronger in those counties where the pre-crisis expansion in credit driven by the rise in house prices was more pronounced. This evidence is consistent with the results of my paper, if the monetary union version of the model is interpreted as a large country composed of many different regions. Midrigan and Philippon (2011) also address this evidence using an approach complementary to mine. They look at a cash-in-advance model in which credit can be used as a substitute for fiat money. In their model, the fall in consumption is generated by a decrease in the provision of private credit that tightens households' cashin-advance constraints, while here the emphasis is on intertemporal debt and liquidity traps.
Another empirical work that relates to this paper is Nakamura and Steinsson (2011) . Their results on fiscal stimulus across US states lend support to models of monetary unions in which aggregate demand has an impact on production.
The rest of the paper is structured as follows. Section 2 introduces the model and briefly analyzes the steady state. Section 3 considers the adjustment following a deleveraging shock in a world with flexible wages. Section 4 shows that the depressive impact of deleveraging on the 7 Examples are Werning and Farhi (2012) , who look at the optimal management of fiscal policy in a monetary union, and Farhi et al. (2011) , who derive a set of fiscal measures able to substitute for exchange rate flexibility inside a currency union. Instead, Pierpaolo Benigno (2004) uses a two-country model to study monetary unions.
8 The paper is also related to the empirical literature on the rise of precautionary savings during the Great Recession. See Carroll et al. (2012) and Mody et al. (2012) .
interest rate is stronger in a monetary union with nominal wage rigidities. Section 5 describes the role of the zero lower bound in translating a deleveraging episode into a recession. Section 6 introduces a version of the model parameterized at quarterly frequency and performs policy experiments. Section 7 concludes.
Model
Consider a world composed of a continuum of measure one of small open economies. Each economy can be thought of as a country.
9 Time is discrete and indexed by t. Each country is populated by a continuum of measure one of identical infinitely lived households and by a large number of firms. All economies produce two consumption goods: a homogeneous tradable good and a non-tradable good. Countries face idiosyncratic shocks in their production technologies, while the world economy has no aggregate uncertainty. Households borrow and lend on the international credit markets in order to smooth the impact of productivity shocks on consumption. There is an exogenous limit on how much each household can borrow. I start by analyzing the steady state of the model, in which the borrowing limit is held constant. The next section studies the transition after an unexpected shock that tightens the borrowing limit.
Households. Households derive utility from the consumption of a tradable good C T and of a non-tradable good C N and experience disutility from labor effort L. The expected lifetime utility of the representative household in a generic country i is
In this expression, E t [·] is the expectation operator conditional on information available at time t and β is the subjective discount factor. The period utility function U (·) is assumed to be increasing in the first two arguments, decreasing in the third argument, strictly concave and twice continuously differentiable.
Each household can trade in one period risk-free bonds. Bonds are denominated in units of the tradable consumption good and pay the gross interest rate R t . The interest rate is common across countries and can be interpreted as the world interest rate.
There are no trade frictions and the price of the tradable good is the same in every country.
Normalizing the price of the traded good to 1, the household budget constraint expressed in units of the tradable good is
The left-hand side of this expression represents the household's expenditure. p N i denotes the price of a unit of non-tradable good in terms of the tradable good in country i.
10 Hence, the
is the total expenditure of the household in consumption expressed in units of the tradable good. B i,t+1 denotes the purchase of bonds made by the household at time t at price 1/R t . If B i,t+1 < 0 the household is a borrower.
The right-hand side captures the household's income. w i L i is the household's labor income.
Labor is immobile across countries and hence the wage w i is country-specific. B i,t is the gross return on investment in bonds made at time t − 1. Finally, Π T i and Π N i are the profits received from firms operating respectively in the tradable and in the non-tradable sector. All domestic firms are wholly owned by domestic households and equity holdings within these firms are evenly divided among them.
There is a limit on how much each household is able to borrow. In particular, debt repayment cannot exceed the exogenous limit κ, so that the bond position has to satisfy
This constraint captures in a simple form a case in which a household cannot credibly commit in period t to repay more than κ units of the tradable good to its creditors in period t + 1.
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The household's optimization problem is to choose C T i,t , C N i,t , L i,t and B i,t+1 to maximize the expected present discounted value of utility (1), subject to the budget constraint (2) and the borrowing limit (3), taking the initial bond holdings B i,0 and prices R t , p N i,t , w i,t as given. The household's first-order conditions can be written as
is not necessarily equalized across countries because the non-traded good is, by definition, not traded internationally.
11 Throughout the analysis I assume that the exogenous borrowing limit κ is tighter than the natural borrowing limit.
12 In reality tight access to credit may manifest itself through high interest rates, rather than through a quantity restriction on borrowing. In appendix B I show that it is possible to recast the borrowing limit (3) in terms of positive spreads over the world interest rate without changing any of the results.
where U x denotes the first derivative of the utility function with respect to x and µ i is the nonnegative Lagrange multiplier associated with the borrowing limit. The optimality condition (4) equates the marginal rate of substitution of the two consumption goods, tradables and non-tradables, to their relative price. Equation (5) is the optimality condition for labor supply.
Equation (6) is the Euler equation for bonds. The binding borrowing constraint generates a wedge between the marginal utility from consuming in the present and the marginal utility from consuming next period, given by the shadow price of relaxing the borrowing constraint µ i .
Finally, equation (7) is the complementary slackness condition associated with the borrowing limit.
Firms. Firms rent labor from households and produce both consumption goods, taking prices as given. A typical firm in the tradable sector in country i maximizes profits
where Y T i is the output of tradable good and L T i is the amount of labor employed by the firm. The production function is
where 0 < α T < 1.
13 A T i is a productivity shock affecting all firms in the tradable sector in country i. This is the source of idiosyncratic uncertainty that gives rise to cross-country financial flows in steady state. Profit maximization implies
This expression says that at the optimum firms equalize the marginal profit from an increase in labor, the left-hand side of the expression, to the marginal cost, the right-hand side.
Similarly, firms in the non-tradable sector maximize profits
is the output of non-tradable good and L N i is the amount of labor employed in 13 To introduce constant returns-to-scale in production we can assume a production function of the form
where K is a fixed production factor owned by the firm, for example physical or organizational capital. The production function in the main text corresponds to the normalization K = 1. the non-tradable sector. Labor is perfectly mobile across sectors within a country and hence firms in both sectors pay the same wage w i . The production function available to firms in the non-tradable sector is
where 0 < α N < 1. The term A N determines the productivity of firms in the non-tradable sector. To reduce the number of state variables and save on computation costs, I assume that A N is constant and common across all countries.
14 The optimal choice of labor in the non-tradable sector implies
Just as firms in the tradable sector, at the optimum firms in the non-tradable sector equalize the marginal benefit from increasing employment to its marginal cost.
15
Market clearing. Since households inside a country are identical, we can interpret equilibrium quantities as either household or country specific. For instance, the end-of-period net foreign asset position of country i is equal to the end-of-period holdings of bonds of the representative household divided by the world interest rate
Market clearing for the non-tradable consumption good requires that in every country consumption is equal to production, that is C
Moreover, equilibrium on the labor market implies that in every country the labor supplied by the households is equal to the labor demanded by firms,
These two market clearing conditions, in conjunction with the budget constraint of the household and the expressions for firms' profits, give the market clearing condition for the tradable consumption good in country i
This expression can be rearranged to obtain the law of motion for the stock of net foreign 14 Empirically, productivity in the non-tradable sectors is much less volatile than in the tradable sectors. For example, see Stockman and Tesar (1995) .
15 Throughout the paper I focus on equilibria in which production always occurs in both sectors. Given the functional forms used in the numerical simulations, it is indeed optimal for firms to always operate in both sectors.
16 I follow the convention of netting interest payments out of the net foreign asset position.
assets owned by country i, i.e. the current account
As usual, the current account is given by the sum of net exports, Y T i,t − C T i,t , and net interest payments on the stock of net foreign assets owned by the country at the start of the period,
Finally, in every period the world consumption of the tradable good has to be equal to the world production,
This implies that bonds are in zero net supply at the world level,
Equilibrium
Given a sequence of prices {R t , w i,t , p
, define the optimal decisions of the household as Define Ψ t B, A T as the joint distribution of bond holdings and current productivity across countries. The optimal decision rules for bond holdings together with the process for productivity yield a transition probability for the country-specific states B, A T . This transition probability can be used to compute the next period distribution Ψ t+1 B, A T , given the current distribution Ψ t B, A T . We can now define an equilibrium.
Definition 1 An equilibrium is a sequence of prices {R t , w i,t , p
, a sequence of policy rules
N and a sequence of joint distributions for bond holdings and productivity Ψ t B, A T , such that given the initial distribution Ψ 0 B, A T in every period t
• Ψ t B, A T is consistent with the decision rules
• Markets for consumption and labor clear in every country i 
• The market for bonds clears at the world level
Parameters
The model cannot be solved analytically and I analyze its properties using numerical simulations. I employ a global solution method in order to deal with the nonlinearities involved by a large shock such as the deleveraging shock studied in the next section. Appendix A describes the numerical solution method.
I assume a utility function separable in consumption and labor and a Cobb-Douglas aggregator for consumption
A period in the model corresponds to one year. 17 The risk aversion is set to γ = 4, a standard value. The discount factor is set to β = 0.9756 in order to match a real interest rate in the initial steady state of 2.5 percent. This is meant to capture the low interest rate environment characterizing the US and the Euro area in the years preceding the start of the 2007 crisis.
The Frisch elasticity of labor supply 1/ψ is set equal to 1, in line with evidence by Kimball and Shapiro (2008) . The labor share in production in both sectors is set to α T = α N = 0.65, a value in the range of those commonly used in the literature. The share of tradable goods in consumption is set to ω = 0.5, in accordance with the estimates of Stockman and Tesar (1995) .
Productivity in the tradable sector A T follows a normal AR(1) process
17 Later, in section 6, I will parametrize the model at quarterly frequency to perform policy experiments. This process is approximated with the quadrature procedure of Tauchen and Hussey (1991) using 7 nodes.
18 The first order autocorrelation ρ and the standard deviation of the TFP process σ A T are set respectively to 0.84 and to 0.0194, following the estimates of Gianluca Benigno and Thoenissen (2008) .
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The borrowing limit in the initial steady state is set to κ = 0.9 to match a world gross debt-to-GDP ratio of 20 percent. This target corresponds to the sum of the net external debt position of the Euro area debtor countries in 2007, expressed as a fraction of the Euro area GDP.
20

Steady state
Before proceeding with the analysis of the deleveraging episode, this section briefly describes the steady state policy functions and the stationary distribution of the net foreign asset-to-GDP ratio.
Figure 1 displays the optimal choices for the current account and labor as a function of B t , the stock of wealth at the start of the period, for an economy hit by a good productivity shock, solid lines, and by a bad productivity shock, dashed lines. 21 The left panel shows the current account. As it is standard in models in which the current account is used to smooth consumption over time, a country runs a current account surplus and accumulates foreign assets when productivity is high, while it runs a current account deficit and reduces its stock of foreign assets when productivity is low. This allows households to mitigate the impact of temporary productivity shocks on consumption. However, the borrowing limit interferes with consumption smoothing. To see this point, notice that the decrease in net foreign assets following a bad productivity shock gets smaller as the start-of-period wealth falls. This happens because households, as they approach the constraint, reduce the accumulation of debt in response to bad productivity shocks for fear of ending up against the borrowing limit.
22
The right panel illustrates the optimal choice of labor. In general, equilibrium labor is higher when productivity is high. Intuitively, when productivity is higher firms are able to pay higher wages and this induces households to supply more labor. However, as the start-of-period wealth decreases the distance between the two lines tends to fade away. In fact, households that start the period with a high stock of debt are willing to work more for a given wage, since the borrowing limit interferes with their ability to further accumulate debt in order to smooth the impact of productivity shocks on consumption. Figure 2 shows the steady state distribution of the net foreign asset-to-GDP ratio. The distribution is truncated and skewed toward the left. Both of these features are due to the borrowing limit. In fact, while there is no limit to the positive stock of net foreign assets that a country can accumulate, the borrowing constraint imposes a bound on the negative net foreign asset position that a country can reach. In particular, the largest net foreign debt position-to-GDP ratio that a country can reach in the initial steady state is close to 65 percent.
22 Indeed, when the borrowing limit is hit the country can no longer use the current account to smooth consumption and the change in net foreign assets following a bad productivity shock is equal to zero. 
Deleveraging with flexible wages
This section analyzes the transition during a deleveraging episode induced by a tightening of the borrowing limit. I consider a world economy that starts in steady state with κ = 0.9. In period t = 0 there is an unexpected and permanent fall in the borrowing limit which goes to κ = 0.675, so that the new borrowing limit is equal to 75 percent of the initial one.
23 This generates a reduction in the steady state world gross debt-to-GDP ratio of about 5 percent.
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Figure 3 displays the transitional dynamics of the world economy following the shock to the borrowing limit. The figure shows the path for the exogenous borrowing limit and the response of the world gross debt-to-GDP ratio, the world interest rate and the world production of tradable and non-tradable goods.
The tightening of the borrowing limit triggers a decrease in the foreign debt position of highly indebted countries. At the same time, surplus countries are forced to reduce their positive net foreign asset position, which is the counterpart of foreign debt in indebted countries.
The result is a progressive compression of the net foreign asset distribution. As showed by the the top right panel of figure 3 , on impact the world debt-to-GDP ratio falls by almost 1 percent.
Afterward, the world slowly transits toward the new steady state debt distribution, in which the world debt-to-GDP ratio is equal to 15 percent.
The world interest rate drops sharply after the shock and overshoots its value in the new steady state. This result is reminiscent of the findings of Guerrieri and Lorenzoni (2011) in closed economies. The fall in the interest rate signals an increase in the desire to save, or equivalently a fall in the desire to consume. This is due to two distinct effects. First, countries that start with a high level of foreign debt, more precisely countries that start with a stock of bonds −κ ≤ B i,0 < −κ , are forced to reduce their foreign debt position. This corresponds to a forced increase in savings that depresses the demand for consumption in high-debt countries.
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Second, even the countries that are not directly affected by the tightening of the constraint experience an increase in the propensity to save. In fact, unconstrained countries want to accumulate precautionary savings to self-insure against the risk of hitting the now-tighter borrowing limit in the future, following a sequence of bad realizations of the productivity shock. Both these effects imply an increase in the propensity to save at the world level. In order to reach equilibrium on the bond market the interest rate has to fall, so as to induce the unconstrained countries to consume more and reduce their demand for saving instruments.
This explains the fall in the world interest rate.
Concerning output, there is not much action going on at the world level. On impact, the world output of the tradable good increases by little more than 0.05 percentage points above its value in the initial steady state, while there is an almost imperceptible fall in the world output of non-tradable goods. However, the lack of aggregate movements in world output masks important country-level composition effects, to which we turn next. 
Consumption of tradables
Wealt h at t he s t ar t of t he t r ans it ion: B0 % dev. fr om init ial s s The left panel of figure 4 shows that the tightening of the constraint forces high-debt countries to improve their foreign asset position by increasing their current account balances.
To understand the macroeconomic implications, it is useful to go back to the equation describing the current account
This expression makes clear that an economy can improve its current account by increasing its output of the tradable good, by decreasing the consumption of the tradable good or through a combination of both. The middle and right panels of figure 4 show that constrained countries adjust both through the output and the consumption margin. 28 Hence, in the absence of nominal rigidities, a decrease in capital inflows due to a tightening of the borrowing constraint has an expansionary impact on the production of the traded good in high-debt countries.
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Later, we will see that the combination of nominal wage rigidities and fixed exchange rates overturns this counterfactual implication of the model.
The countries that are not directly affected by the tightening of the constraint follow an opposite adjustment pattern. The sharp decrease in the world interest rate induces the uncon-28 Quantitatively, the increase in production of the tradable good dominates the fall in consumption. 29 See Chari et al. (2005) for a discussion of this feature of the frictionless neoclassical model. strained countries to reduce their stock of foreign assets by running current account deficits.
The deficits in the current account are achieved trough a combination of lower production of the tradable good and higher consumption. Hence, following a deleveraging shock the model without nominal rigidities displays a shift of production of tradable goods from wealthy countries toward high-debt countries.
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The response of output to the shock to the borrowing limit is associated with changes in real wages. To see this point, it is useful to rearrange the optimality condition for firms in the tradable sector to obtain
This expression implies that, given values for the parameters α T and A T i,t , an increase in employment in the tradable sector in country i has to come with a decrease in the real wage w i,t .
31
Following the deleveraging shock, households in high-debt countries increase labor supply to boost labor income and to repay debts without cutting consumption too severely. The increase in labor supply translates into a fall in real wages, which represent the cost of labor in terms of the tradable consumption good. In turn, the fall in real wages makes more profitable for firms in the tradable sector to employ labor. This effect leads to an increase in employment and output in the tradable sector in high-debt economies. Hence, the fall in real wages in high-debt countries plays a key role in shaping the adjustment to the deleveraging shock.
The empirical evidence reviewed in the introduction suggests that nominal wages adjust sluggishly to shocks. In particular, a recurrent pattern in severe recessions is that nominal wages do not fall much, even in the face of large rises in unemployment. It is then difficult to imagine that the adjustment in real wages required by the deleveraging shock could come from an adjustment in nominal wages.
In a world in which exchange rates are allowed to float, nominal exchange rate flexibility may substitute for the lack of nominal wage flexibility. The intuition can be gained using a simple partial equilibrium approach. Suppose that there is an international currency in which 30 The figure also highlights the importance of nonlinearities. In fact, while the response of unconstrained countries does not depend much on their initial stock of assets, the initial debt position has a strong impact on the response of constrained countries.
31 More precisely, given that the production function is Cobb-Douglas we can write the elasticity of real wages with respect to employment in the tradable sector as
Given that α T = 0.65, a one percent increase in employment in the tradable sector entails a 0.35 percent decrease in the real wage.
the tradable good is priced. Let P T denote the price of the tradable good expressed in units of the international currency. Given the absence of trade frictions, the law of one price holds and the price of the tradable good in terms of the domestic currency is given by
where S i,t denotes the nominal exchange rate of country i's against the key currency, i.e. the units of country i currency needed to buy one unit of the key currency.
The real wage, that is the nominal wage divided by the price of the tradable good, is now given by
where W i,t denotes the nominal wage in country i. This expression shows that, given P T t and W i,t , a reduction in the real wage can come through a nominal exchange rate depreciation against the key currency, that is an increase in S i . It follows that to mimic the response to the deleveraging shock under flexible wages, despite the presence of nominal wage rigidities, high-debt countries should let their exchange rate depreciate against the key currency, while low-debt countries should let their nominal exchange rate appreciate. Indeed, from the point of view of a single country replicating the flexible wage equilibrium through movements in the nominal exchange rate corresponds to the optimal policy.
Proposition 1 From the perspective of a single country the flexible wage equilibrium attains the first best.
Proof. See appendix C.
Looking at the current events affecting the Euro area, many commentators have argued that the combination of rigidities in wage setting and fixed exchange rates has contributed to the severity of the crisis in deleveraging countries.
32 A point that is often overlooked is that in a financially integrated world all the countries are tied together by the world interest rate, and that the exchange rate regime can have an important role in shaping the behavior of the world interest rate during an episode of global debt deleveraging. The next section introduces a model of a monetary union and shows that important insights can be gained from adopting a general equilibrium approach and taking into account the interactions across countries inside a monetary union.
32 For example, see Feldstein (2010) and Krugman (2010) .
Deleveraging in a monetary union with nominal wage rigidities
This section focuses on the impact of deleveraging in a monetary union with nominal wage rigidities. To consider the case of a monetary union we have to modify the model introduced in the previous section in a few dimensions. In particular, the model presented in this section explicitly considers nominal, in addition to real, variables.
In a monetary union there is a single currency that is used for transactions in all the participating countries. For simplicity, I will consider a world in which every country belongs to the monetary union. From now on, I will then use the words monetary union and world interchangeably.
The household's budget constraint in units of currency is
In this expression, P T denotes the price of a unit of tradable consumption good in terms of currency. Since the tradable good is homogenous and there are no trade frictions, its price is common across all the countries. P There is a single central bank that uses the nominal interest rate R N as its policy instrument.
I start by considering the case of a central bank that targets inflation in the tradable sector.
This policy captures in a simple way the objective of stabilizing prices across all the countries in the union, usually characterizing central banks in monetary unions. Moreover, this policy allows for a clean comparison with the flexible wage economy described in the previous sections.
In fact, as long as the central bank avoids unexpected movements in the price of the tradable good, nominal bonds and bonds denominated in units of tradables are perfect substitutes.
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To simplify the exposition, I start by focusing on a central bank that strictly targets inflation in the traded sector, and hence sets P T t = P T t−1 in every period t. To capture the sluggish adjustment of nominal wages typical of deep recessions, while keeping the intuition underlying the main result of the paper transparent, I start by considering a very simple form of nominal wage rigidities. I assume that wages are completely rigid during the first period in which the unexpected shock to the borrowing limit hits the economy, period t = 0, while they become fully flexible thereafter.
34 Once wages are set, workers stand ready to supply the labor demanded by firms. Moreover, I assume that nominal wages in t = 0 are set after the uncertainty about the idiosyncratic productivity shocks is resolved, but before the shock to the borrowing limit hits the economy. These assumptions about wage setting isolate the role of wage rigidities in shaping the adjustment to the deleveraging shock, abstracting from the impact of wage rigidities on normal business cycle fluctuations, captured by the idiosyncratic productivity shocks.
More precisely, the timing during period t = 0 is the following:
1. At the start of the period countries are hit by their idiosyncratic productivity shocks.
2. Nominal wages are set so that the pattern of production characterizing the flexible wage equilibrium is replicated as long as the central bank sticks to the inflation target, that is if
3. The shock to the borrowing limit is revealed to agents.
Afterward, in periods t > 0, wages become again fully flexible.
To understand the implications of this form of nominal wage rigidities, denote byL T i,0 the notional equilibrium labor in the traded sector that would prevail in country i and period t = 0 in the absence of the shock to the borrowing limit, that is in the initial steady state. Wages 33 To see this point, consider that the Euler equation for bonds denominated in units of currency is
while the Euler equation for bonds denominated in units of tradables is
In absence of unexpected movements in the price of the tradable good we can write R t = R N t P T t /P T t+1 and verify that the two Euler equations are identical and the two assets are perfect substitutes.
34 Section 6 introduces a model in which wage rigidities last longer than a single period.
are then set according to
Once wages are set, equilibrium labor is determined by firms' labor demand. Combining the expression for wages and firms' labor demand gives
Hence, the assumptions about wage setting imply that on impact the shock to the borrowing limit affects equilibrium labor in the tradable sector only if it induces unexpected movements in the nominal price of the traded good. Figure 5 shows how the monetary union with nominal wage rigidities responds to a tightening of the borrowing limit. As in the previous section, in period t = 0 the union is subject to an unexpected permanent drop in the borrowing limit, such that the final borrowing limit is equal to 75 percent of the initial one. This triggers a process of deleveraging that leads to a progressive reduction in the world debt-to-GDP ratio, as shown by the top-right panel of figure   5 .
The bottom-left panel of the figure shows the response of the interest rate. To gain intuition about this effect, it is useful to look at the behavior of high-debt borrowingconstrained countries. Figure 6 displays the impact responses of the current account-to-GDP ratio, the output and consumption of the traded good and the output of the non-traded good across the initial distribution of net foreign assets. As it happened in the previous section, highdebt countries are forced to improve their current account by the tightening of the constraint. Since inflation in the tradable sector is zero, the interest rate can be interpreted both as the nominal rate or as the real rate, defined as the nominal rate deflated by inflation in the tradable sector.
However, in a monetary union with nominal wage rigidities improving the current account through an increase in the production of the traded good is no longer an option, In fact, given that nominal wages do not adjust, this would require a nominal exchange rate depreciation, which is ruled out by the participation in the monetary union. This is illustrated by the topright panel of figure 6, which shows that the combination of nominal wage rigidities and fixed exchange rates shuts down the response of the output of tradable goods to the deleveraging shock.
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It follows that the improvement in the current account in high-debt countries has to come solely through a cut in the consumption of the tradable good. In fact, the bottom-left panel of figure 6 shows that high-debt economies adjust through deep cuts in the consumption of the traded good. The fact that constrained countries have to adjust exclusively through a cut in consumption implies a bigger fall in the demand for consumption compared to the world with flexible wages. In turn, the interest rate has to fall by more to induce unconstrained countries to increase consumption and pick up the slack left by constrained economies. Hence, 36 Precisely, this happens because the central bank hits the inflation target, so
and the pattern of production during period t = 0 is the same as the one in the initial steady state. Current acco unt/ GDP ch a n g e fr o m in it ia l s t ea d y s t a t e Wea lt h a t t h e s t a r t o f t h e t r a n s it io n : B 0 
O utput o f tradables
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Wea lt h a t t h e s t a r t o f t h e t r a n s it io n : B 0 Moreover, while the deleveraging shock had an expansionary effect on output in high-debt countries in the absence of nominal rigidities, this is no longer the case when wages are rigid and the nominal exchange rates cannot adjust. Indeed, on impact the deleveraging shock generates a drop in the production of non-traded goods in high-debt countries, as highlighted by the bottom-right panel of figure 6. To understand why this happens, consider that labor demand from firms in the non-traded sector is given by
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while households' optimality conditions give an expression for the nominal price of the nontradable good
The drop in the consumption of the traded good experienced by high-debt countries generates a real exchange rate depreciation, that is a fall in the relative price of non-tradables. Since the central bank strictly targets inflation in the traded sector and nominal exchange rates are fixed, the real exchange rate depreciation translates into a fall in the nominal price of the non-tradable good. Given the fixed nominal wages, this implies that employing labor in the non-traded sector becomes less profitable and firms in high-debt countries are pushed to reduce their labor demand and lower the production of the non-traded good.
The interaction between nominal wage rigidities and fixed exchange rates generates a recession in the countries that end up being financially constrained following the deleveraging
shock. The next section shows how the recession can spread to unconstrained countries if the deleveraging shock pushes the union into a liquidity trap.
The role of the zero lower bound
The previous section considered a central bank freely able to set the nominal interest rate in order to hit the inflation target. In reality, nominal interest rates cannot fall below zero. This section considers explicitly the role of the zero lower bound on the nominal interest rate and shows that deleveraging can generate a union-wide recession if the zero lower bound on the interest rate becomes binding.
DefineR N t as the nominal interest rate consistent with the central bank's inflation target. In this section the focus is on a central bank that sets the interest rate according to R N t = max R N t , 1 . This rule implies that the central bank sticks to the inflation target as long as this does not imply a negative nominal rate, otherwise it sets the nominal interest rate to zero.
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From the analysis in the previous section we know that in t = 0, the first period in which the borrowing limit gets tighter, the nominal interest rate consistent with zero inflation in the price of the tradable good is negative. Hence, the central bank sets R N 0 = 1. However, at this interest rate the market for consumption of the traded good does not clear, since demand for consumption is too weak to absorb the whole production of tradables. Excess supply induces firms to cut the nominal price of the traded good until equilibrium on the traded good market is restored. We then have that the unexpected deleveraging shock triggers an unexpected fall in the nominal price of the traded good, so that P the one hand, the fall in the price of the traded good reduces the profitability of employing labor in the traded sector. This leads to a fall in the world production of tradables. Indeed, this is the mechanism through which deflation in the traded sector restores equality between the demand and the supply of the traded good.
On the other hand, since bonds are denominated in units of currency, the fall in the nominal price of the traded good increases the debt burden of debtor countries in terms of the tradable consumption good, giving rise to an effect akin to Fisher's debt deflation. This unexpected wealth redistribution from debtor to creditor countries further depresses aggregate demand inside the monetary union. The result is that once the zero lower bound on the nominal interest rate is taken into account, deleveraging can push the whole monetary union into a recession. Figure 7 illustrates this result by plotting the response of the union to the deleveraging shock in the case in which the central bank is constrained by the zero bound on the interest rate. The tightening of the borrowing limit has a depressive effect on the interest rate, which on impact hits the zero lower bound. This induces a fall in the nominal price of the tradable good.
In turn, the combination of nominal wage rigidities and deflation reduces the profitability of employing labor in the tradable sector. This explains the union-wide drop in the output of Current acco unt/ GDP ch a n g e fr o m in it ia l s t ea d y s t a t e Wea lt h a t t h e s t a r t o f t h e t r a n s it io n : B 0 
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Wea lt h a t t h e s t a r t o f t h e t r a n s it io n : B 0 O utput o f no n-tradables % d evia t io n fr o m in it ia l s s Wea lt h a t t h e s t a r t o f t h e t r a n s it io n : B 0 traded goods, which falls by almost 3 percentage points below its value in the initial steady state. Moreover, deflation in the tradable sector puts downward pressure on the nominal prices of the non-traded goods, as shown by equation (8). Deflation in the price of the non-traded good pushes firms in the non-traded sector to cut employment and production. Because of this effect also the aggregate production of non-traded goods falls.
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To see how the recession affects differently the countries depending on their initial debt positions, it is useful to look at figure 8. Both high-debt and low-debt countries experience a similar fall in the output of the tradable good. This happens because the demand for the traded good, and so its price, depends on the demand from all the countries in the union.
The consumption of the traded good exhibits a different pattern. In fact, the countries featuring a high initial debt experience deep falls in the consumption of the traded good, much larger than the one experienced in the absence of the zero lower bound. This happens because constrained countries have a high propensity to consume out of current income. Hence, the fall in the production of tradables directly translates into a fall in consumption. In addition, deflation increases the initial debt position of debtor countries, the Fisher's debt deflation effect, and this further depresses their consumption of tradable goods.
Concerning the production of non-tradables, figure 8 shows that high-debt countries exhibit deep falls in employment and output in the non-traded sector. As before, this happens because the fall in the consumption of the traded good generates a real exchange rate depreciation.
Since the nominal exchange rate cannot adjust, the real depreciation results in a fall in the nominal price of non-tradables. Given the fixed wages, deflation in the non-traded sector induces a fall in employment. The result is that the whole union enters a recession, but the crisis hits particularly hard the non-traded sectors in high-debt countries.
6 Policy implications 6.1 A model with multi-period wage rigidities Which policy interventions can mitigate the recession associated with deleveraging inside a monetary union? I address this question using the model as a laboratory to perform policy experiments. This section considers a version of the model parameterized at quarterly frequency in which the adjustment to the deleveraging shock lasts more than one period and dynamic effects take the center stage. Indeed, whenever a liquidity trap lasts more than one period strong amplification effects are set in motion, so a quarterly parametrization is better suited to capture the quantitative implications of the model.
As a first step, I introduce a dynamic process of wage adjustment in which nominal rigidities last more than a single period. As in the previous section, I still assume than in the first period in which the borrowing limit gets tighter, t = 0, nominal wages are fully rigid. As in the previous section, in t = 0 nominal wages are set after the realization of the idiosyncratic productivity shocks, but before the shock to the borrowing limit is revealed to agents. The difference is that now in t > 0 wages are no longer fully flexible, but evolve according to
This expression implies that the nominal wage in period t in country i is a weighted average of the nominal wage in country i in period t = 0, W i,0 , and of the wage that would clear the market for labor, W is defined as the wage that equates the marginal disutility of labor to the marginal benefit that the household gets from working more period only part of the wages are adjusted. The fraction of the wages that do not adjust are indexed on the inflation target in the tradable sector, π. The weights given to rigid wages, φ t , declines linearly over time
so that in the long run wages become fully flexible. 39 The parameter ∆ is set so that complete wage flexibility is reached after two years, or eight quarters.
To focus on dynamics effects, the version of the model presented in this section is parameterized at quarterly frequency. Table 2 displays the value of the parameters that change with respect to the annual parametrization used in the previous sections. The discount factor β is adjusted so as to target an annualized real interest rate in the initial steady state of 2.5 percent. Also, the parameters governing the TFP process are adjusted so that TFP in the tradable sector exhibits the same persistence and standard deviation as in the annual parametrization, once it is aggregated annually.
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The borrowing limit in the initial steady state is set to κ = 3.24 to target a world gross debt-to-GDP ratio of 80 percent. This is the same target as in the annual calibration, taking into account the fact that now GDP in each period corresponds to quarterly GDP in the data.
Accordingly, the borrowing limit in the final steady state is set to κ = 2.43 to target a ratio of gross debt-to-GDP in the final steady state of 60 percent. Finally, the inflation target in the tradable sector is set to 2 percent per year, in line with the definition of price stability given by the FED and the ECB.
In this section, consistent with the model with annual parametrization, the borrowing limit 39 This assumption is akin to abstracting from the impact of wage rigidities on normal business cycles, driven by the productivity shocks, in order to fully concentrate on their interaction with the deleveraging shock.
40 To convert the parameters from annual to quarterly frequency I use the following formulas
where the a subscript denotes annual parameters. takes one year to reach its lower value in the new steady state, κ .
41 In particular, I assume that from period t = 0 on the borrowing limit follows the linear adjustment path
The parameter ∆ κ is chosen so that it takes four quarters, or one year, for the borrowing limit to reach its new steady state value. As before, the initial fall in the borrowing limit happening in t = 0 is not anticipated by agents, while from period t = 0 on agents correctly anticipate the path of adjustment of the borrowing limit. Figure 9 illustrates the transitional dynamics after a shock to the borrowing limit for the model with multi-period wage rigidities. In period t = 0, the monetary union is hit by an unexpected tightening of the borrowing limit that reaches its new steady state value in four quarters. The deleveraging shock induces agents to increase savings and reduce the demand for consumption, driving down the interest rate. In response, the central bank lowers the nominal interest rate to zero in an attempt to hit the inflation target and the economy enters a liquidity trap that starts in period t = 0 and lasts four quarters. Since the nominal interest rate cannot 41 In addition to comparability with the results presented in the previous sections, one reason to consider a gradual adjustment of the borrowing limit is the fact that the model features only debt contracts that last one period, that is one quarter. In reality, debt can take maturities that are longer than one quarter. Considering a gradual adjustment in the borrowing limit is a simple way of capturing the fact that long term debt allows agents to adjust gradually to the new, tighter, credit conditions. go low enough to guarantee market clearing, prices fall to restore equality between demand and supply. This is illustrated by the bottom-left panel of figure 9 , which shows the path of the monetary union aggregate consumer price index (CPI).
42 Deflation leads to an increase in the world real interest rate that further depresses consumption demand leading to even more deflation. 43 This amplification effect, which is not present when the liquidity trap lasts just one period, sharpens the recession. In fact, the fall in nominal prices is not matched by an equivalent fall in nominal wages. This reduces profits and induces firms to cut employment and production both in the tradable and in the non-tradable sector.
The result is a prolonged recession that affects all the countries belonging to the monetary union. Quantitatively, the recession is particularly severe during the first year following the deleveraging shock. In fact, on impact world output of the traded good falls by almost 7
percentage points below its value in the initial steady state, and after one year, in period t = 3, it is still more than 3 percentage points below trend. Also the world output of non-tradables exhibits a large fall during the first year of deleveraging. In addition, the deleveraging process does not follow a monotonic pattern, as it happened before. Instead, initially the debt-to-GDP ratio rises due to the sharp fall in GDP. Only starting from the second quarter the ratio of gross world debt-to-GDP declines.
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Once the liquidity trap is over, in period t = 4, the central bank raises the nominal interest rate above its value in the new steady state. This happens because the fall in prices coupled with nominally rigid wages keeps supply subdued, until wage flexibility is restored. Instead, after four quarters of deleveraging the debt overhang is reduced and aggregate demand recovers.
The combination of low supply and high demand puts upward pressure on prices, so the central bank has to raise nominal rates in order to dampen the rise in consumption demand and to prevent inflation from exceeding the 2 percent inflation target. This explains the slow recovery that takes two years to complete.
42 Formally, the CPI in a generic country i is defined as the minimum price of a unit of the consumption
The aggregate CPI of the monetary union is defined as CP I t = 1 0 CP I i,t di. 43 For consistency with the previous sections, the real rate is defined as the nominal rate deflated by inflation in the traded sector. However, quantitatively the difference between inflation in the traded sector and CPI inflation are negligible. 
Raising the inflation target
One policy that can mitigate the recession during debt deleveraging consists in adopting a higher inflation target. Even with a 4 percent inflation target the deleveraging shock pushes the monetary union into a liquidity trap that lasts four quarters. However, the adjustment is much less traumatic in the economy with higher inflation target. In fact, a higher inflation target guarantees a smaller drop in output, as well as less deflation and lower real rates throughout the liquidity trap. The reason is the following. In the last period of the liquidity trap, period t = 3, the real interest rate, defined as the nominal interest rate deflated by inflation in the tradable sector, is equal to the inverse of the inflation target. This happens because the nominal interest rate is equal to zero, so the real rate is equal to the inverse of the inflation rate. Since the central bank hits the inflation target once the liquidity trap is over, the expected inflation in period 45 This section looks at two economies whose steady state inflation target is different. An alternative would be to consider a change in the inflation target in response to the tightening of the borrowing limit. However credibility issues are likely to prevent a central bank from changing the inflation target in the middle of a deleveraging episode. This point is discussed by Eggertsson (2008) , who considers credibility issues faced by the FED during the Great Depression. A lower real rate stimulates demand for consumption in the last period of the trap, limiting the fall in prices and the contraction in output. Moreover, the lower real rate in the last period of the trap has also a positive effect on demand during the previous periods, since aggregate demand depends on the path of all the future interest rates. It follows that during the previous periods too deflation is lower and the drop in output is smaller. Indeed, raising the inflation target from 2 to 4 percent halves the fall in output during the liquidity trap.
This experiment suggests that a higher inflation target may be helpful in limiting the recession during a deleveraging episode in a monetary union.
A "soft landing" scenario
In the first phase of the 2008/2009 recession, public flows passing via the ECB played a major role in cushioning the fall in foreign credit in the countries at the Eurozone periphery, as shown by Lane and Milesi-Ferretti (2012) . In this section I consider a simple experiment to evaluate the effectiveness of policies that slow down the adjustment in debtor countries, inducing a "soft landing" type of adjustment. More precisely, I compare the baseline scenario in which the borrowing limit takes four quarters to reach its new steady state value, to an economy in which the borrowing limit takes six quarters to reach its new steady state value. The results are shown in figure 11 . The solid lines refer to the baseline economy, while the dashed lines refer to the soft landing scenario. Figure 11 makes clear that the intervention aiming at slowing the adjustment to the new credit conditions significantly reduces deflation and the output contraction. This happens because a gradual tightening of the borrowing limit prevents abrupt cuts in consumption and reduces the fall in the interest rate needed to reach market clearing. So, although now the liquidity trap lasts six quarters, two quarters more than in the baseline scenario, the adjustment is smoother and the recession is milder. Moreover, in the soft landing scenario deleveraging, as captured by the reduction in the world debt-to-GDP ratio, is faster. This happens because the slower adjustment in the borrowing limit prevents the sharp fall in GDP that causes the initial rise in the world debt-to-GDP ratio in the baseline economy.
This experiment suggests that interventions that limit the surprise effect of a deleveraging shock can play a role in mitigating the recession associated with an episode of debt deleveraging.
Conclusion
I propose a multi-country model for understanding deleveraging among a group of financially integrated countries. The model highlights a novel economic mechanism that makes episodes of debt deleveraging particularly painful for monetary unions. Deleveraging leads to a drop in the world interest rate, both because high-debt countries are forced to save more in order to reduce their debt and because the rest of the world experiences an increase in the desire to accumulate precautionary savings. In the absence of nominal rigidities, deleveraging also triggers a rise in production in high-debt countries. If wages are nominally rigid but nominal exchange rates are allowed to float, the rise in production involves a nominal depreciation in high-debt countries. In a monetary union, the combination of nominal wage rigidities and fixed exchange rates prevents any increase in production in indebted countries. This amplifies the fall in the world consumption demand and the drop in the world interest rate. Hence, monetary unions are particularly prone to enter a liquidity trap during an episode of deleveraging. In a liquidity trap deleveraging generates a deflationary union-wide recession, hitting high-debt countries especially hard.
The analysis presented in this paper can be extended in a number of directions. First, the model could be used to understand the role of fiscal policy in a monetary union undergoing a process of deleveraging. In particular, the recent experience of the Eurozone has sparked a lively debate on the role of fiscal transfers and mutual insurance inside monetary unions. The model has the potential to shed light on this key policy issue, and I plan to tackle it in future research. In addition, it would be interesting to consider collateral constraints in which asset prices, for instance house prices, play a role in determining access to credit. Mendoza (2010) uses a small open economy model to show how economies in which borrowing depends on the price of capital can endogenously enter deleveraging episodes. An open research question concerns the interactions between these types of constraints and the zero lower bound in a model of the world economy. Also the numerical solution to the model with multi-period wage rigidities is derived using the method described above. However, the presence of another endogenous state variable, the period 0 nominal wage, for the periods in which wages are partly rigid increases significantly the time needed to obtain a numerical solution.
B A model with interest rate spreads
In the model presented in the main text all the agents, and countries, are subject to the same interest rate. However, in many cases tight credit conditions manifest themselves with high interest rates. In fact, often countries whose access to the international credit markets is restricted are charged a spread over the interest rate paid by unconstrained countries. This appendix shows how it is possible to reconcile this fact with the model without changing any of the results. In particular, in this appendix I present a model in which the borrowing limit is enforced through interest rate spreads and show that this model is isomorphic to the framework studied in the main text. The discussion draws on Uribe (2006) .
For simplicity I focus on the economy without nominal rigidities described in section 2, but the results can be extended to the case of a monetary union with nominal wage rigidities.
Suppose that the representative household in country i is charged the country-specific interest rate R i,t , potentially different from the world interest rate R t . Suppose also that there is no limit to how much the household can borrow at the interest rate R i,t . The Euler equation then writes U C T i,t = R i,t βE t U C T i,t+1 .
In the model in the main text, in which the household is constrained by the borrowing limit (3) and it is charged the world interest rate R t , the Euler equation can instead be written as
, where µ i,t is the Lagrange multiplier on the borrowing constraint.
Notice that if the household is charged the interest rate
the two Euler equations coincide. Moreover, we have that R i,t = R t when µ i,t = 0, while R i,t > R t when µ i,t > 0. 47 Intuitively, investors can make sure that an household respects the borrowing limit by charging a positive spread over the world interest rate anytime the household would violate the constraint if charged the world interest rate. In equilibrium, we would thus observe that high-debt constrained countries are charged a positive spread over the world interest rate.
To obtain a version of the model with interest rate spreads isomorphic to the model in the main text, we must make sure that the resource constraint of the household is not affected by the interest rate spreads. Indeed, whenever the constraint is binding there is a financial rent given by the difference between the cost of funds for the investor and the interest rate that the borrower would like to pay. In the model in the main text this rent accrues to the borrower, since constrained borrowers are charged the world interest rate, that is the cost of funds for investors. We must then ensure that financial rents go fully to the borrower also in the version of the model with interest rate spreads. Following Uribe (2006) , this can be done by assuming the existence of domestic financial intermediaries that borrow at the world interest rate R t and lend to households at the interest rate R i,t . Assuming that the profits of the domestic financial intermediaries are fully rebated to households in a lump sum fashion, we obtain that the economy with the borrowing constraint described in the main text is isomorphic to the economy with spreads described in this appendix.
C Proof of proposition 1
To prove that from the perspective of a single country the equilibrium with flexible wages attains the first best I characterize the solution to the social planner problem for a single country. Importantly, the social planner in a single country takes the world interest rate as given, since a single country is too small to influence the world interest rate.
The social planner in a generic country i chooses C The first order conditions are
+ µ i,t 
